Hollow fiber (HF) and flat sheet (FS) sponge MBRs were operated at 10-20 LMH flux treating hospital wastewater. Simultaneous nitrification denitrification (SND) occurred considerably with TN removal rate of 0.011-0.020 mg TN mg VSS -1 d -1 . Furthermore, there was a remarkable removal of antibiotics in both sponge MBRs, namely Norfloxacin (93-99% (FS); 62-86% (HF)), Ofloxacin (73-93% (FS); 68-93% (HF)), Ciprofloxacin (76-93% (FS); 54-70% (HF)), Tetracycline (approximately 100% for both FS and HF) and Trimethoprim (60-97 % (FS); 47-93% (HF). Whereas there was a quite high removal efficiency of Erythromycin in sponge MBRs, with 67-78% (FS) and 22-48% (HF). Moreover, a slightly higher removal of antibiotics in FS than in HF achieved, with the removal rate being of 0.67-32.40 and 0.44-30.42 μg mg VSS -1 d -1 , respectively. In addition, a significant reduction of membrane fouling of 2-50 times was achieved in HF-Sponge MBR for the flux range.
Introduction
Wastewater generated from hospitals and medical centers contain risk hazards including toxic substances such as organics and nutrients, infected pathogens, virus, toxic chemicals, radioactive elements and especially antibiotics (Nasr et al., 2008) . These compounds directly discharged to the environment will impact not only human health but also on the ecosystem (Sonia et al., 2009 ). This is the reason why hospital wastewater treatment is becoming an important priority in reducing environmental risks.
Antibiotics are an important group of pharmaceutically active compounds (PhACs) which has been widely used in both human and veterinary medicine (Sapkota et al., 2008) . According to the previous studies, PhACs contribute low pollution of surface water (Huang et al, 2001) . Some antibiotic groups as Sulfonamide, Fluoroquinolone and Macrolide were found a high concentration in hospital wastewaters (Santos et al., 2013; Vo et al., 2016) . Sulfamethoxazole, Ofloxacin, Norfloxacin, Ciprofloxacin and Azithromycin which are a generation from these groups are not considerable transformation in the environment since a high concentration is detected in the wastewater discharged. Fluoroquinolone and Tetracycline groups were decomposed slower in the environment than the others (Huang et al., 2001) . Moreover, these contaminants in the environment have been found at effluent of wastewater treatment plants (WWTPs) due to ineffective removal by conventional activated sludge (CAS) (Morato et al., 2014; Vo et al., 2016) .
Micropollutants in terms of antibiotics removed during wastewater treatment occurs through different mechanisms as biodegradation, abiotic transformation, sorption to biomass as well.
Commonly, biodegradation and sorption process are mainly proposed to eliminate antibiotics (Sipma et al., 2010) . Currently, to date, MBR technology in wastewater treatment is challenging the traditional treatment technologies applied by CAS. It has been emerged as an innovation technology with many advantages as operation at high biomass concentration, reduction of excess sludge production, a significantly low concentration in suspended solid in the treated effluent (Wizig et al., 2002) , considerable elimination of pathogens and viruses (Melin et al., 2006) In regards to the removal of antibiotics applied attached-growth processes in carriers, the studies of In spite of the sufficient performance of either proper MBR or sponge carrier in mitigation of micropollutants, namely antibiotics, there is still a limited amount of research on the combination of MBR with sponge media or even evaluation of the effect of membrane types on antibiotics removal. Therefore, to date, this study focuses on the comparison of removal of common antibiotics as well as characterization of the fouling behavior between Flat sheet (FS) and Hollow fiber (HF) membranes in Sponge MBRs operated at different high fluxes.
Materials and methods

Hospital wastewater and seed sludge
Wastewater used this study was taken from Trung Vuong hospital. The concentration of raw hospital wastewater is in mg L -1 (physical-chemical parameters) and g L -1 (antibiotic parameters), except for 
Operating conditions of Sponge MBRs
In this study, two glass reactors with working volume of 8 This operation is to save the sponges and slow growing bacteria retained in the real operation. For this operation, the "real SRT" maintained in the sponge MBR is slightly higher than the "control SRT", i.e. 20 days, because there is a certain amount of biomass in the sponges which is always retained in the reactor. Sponge MBRs were operated at different high fluxes of 10; 15 and 20 LMH. In addition, for each starting stage, the membrane module was externally cleaned by chemicals (0.5% NaOCl) in 4 h. The digital pressure gauges recorded the trans-membrane pressure (TMP) daily. 
Analysis
Physical chemical parameters
Nitrogen balance
Nitrogen balance was followed the Eq.1. Nitrogen assimilated into the biomass was estimated based on the assimilated nitrogen of 12 % VSS (Metcalf and Eddy, 2003) . The nitrogen balance was conducted to evaluate the simultaneous nitrification-denitrification (SND) that occurred in the sponges.
TN in = TN out + TN assimilated + TN denitrification (Eq. 1)
Quantification of antibiotics
The analytical method of antiobiotics used in this study was referenced from Dinh et al. limit which estimated as ten times the signal of the highest peak generated by the background noise were in the 0.5-10 ng L −1 range.
Results and discussion
Removal of organic and nitrogen
The average COD concentration of feed and permeate as well as COD removal efficiency are shown in Table 1 Insert Table 1   Table 2 Insert Table 2 At various fluxes of 10-20 LMH, TN removal efficiencies of FS-sponge MBR and HF-sponge MBR were 51±18; 64±19; 55±17 % and 55±14; 65±20; 53±16 %, in that order. As the results, the average removal efficiency of TN in sponge MBRs was a negligible difference. Commonly, TN denitrification which is similar to two sponge MBRs is much higher than TN accumulation ( Fig. 1 ). Insert Fig. 1 Insert Fig. 2 In regards to Erythromycin, the removal in FS-MBR is also higher than that in HF-MBR with Erythromycin is an antibiotic with log K ow of 3.06, thus its removal was better in the FS-MBR due to bioaccumulation mechanism. The average MLVSS concentration in FS-sponge MBR (4546 mg L -1 ) was greater than HF-sponge MBR (3794 mg L -1 
Simultaneous nitrification denitrification (SND) highly occurred in sponge MBRs
Removal of antibiotics
Membrane fouling
Insert Fig. 3 In this study, there was the same fouling rate at fluxes of 10; 15 LMH for both Sponge MBRs (Fig.   3 Insert Table 3 Insert Fig. 4 
Conclusions
Sponge MBR is an effective technology for hospital wastewater treatment. Firstly, sponges improved nitrogen removal at the removal rate of 0.011-0.020 mg TN mg VSS - 
